CIVL 498C Life Cycle Assessment

Week 10: Uncertainty in LCA
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Types of Uncertainty at each LCA stage

Type

Goal & Scope

Inventory Analysis

Impact Assessment

Data Uncertainty

1. Collection/

2. Allocation methods used
to create data

3. Inaccurate or
4. No data

1. Uncertainty in Lifetimes of
substances

2. Travel potential

Model Uncertainty

5. Linear vs. non-linear
modeling

3. Characterization factors not
known or uncertain

Uncertainty due to choices

1.Functional unit,

2.5ystem boundary

3.Service life

4.Maintenance cycles,
5.Methods and

6.Tools used in modeling,
T.Choice of allocation methods,
8. |A Method and

9. A Categories

Temporal Variability

6. Difference in yearly
factory emissions

7. Data vintage

4. Interpretation of impacts Over
time,
5. effect of Climate (ex. temp.)}

Spatial Variability

8. Regional differences
between factories

6. Regional differences in
environmental sensitivity {don't
effect all areas the same)

T. Distribution of emissions

Variability between
objects/sources

9. Difference b'n Factories/

10. Technologies which
produce same product

8. Differences in human
exposure patterns

Mistakes

10. Any

11.Any

9. Any
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Data Uncertainty

Type Goal & Scope Inventory Analysis Impact Assessment
Data Uncertainty 1. Collection 1. Uncertainty in Lifetimes of
2. Allocation methods used | substances
to create data 2. Trave| potential
3. Inaccurate or
4. No data

Quantitative Data Collection

Measure amounts of all required flows Emissions to Air, Water, Land
crossing your System Boundary as per //_7/’7/’7
your G&S.

Consumption of Energy —>
and Resources ——>

Qualitative Data Collection

Describing Support your allocation Transportation
[ age of data to be used O prices O distance
U technology of the process O physical relationships U routing
U origin of raw materials O type

L1 locality of process

Product

O impacted environments ISO 14044:2006(E)



Inventory Analysis

D a ta 1. Collection/ Documentation — Data collection

2. Allocation methods used
H to create data
U n Ce rta I nty 3. Inaccurate or

4. No data

Allocation

- Partitioning the input or output flows of a process or a
product system between the product system under study
and one or more other product systems.

[ISO 14040/44:20086]

--> leachate

lumber

chips

7 7 7
BB -0l

http://www.ciraig.org/Calendrier/document/methods open loop caroline
gaudreault.pdf

http://cgé/dlajcéggs]e[}cpm.chaImers.se/Document/CPlVI Report 2003 3 Introduc
tion and guide.pdf

!Dam collection
Derived, statistics

Derived, mixed

Derived. unspecified

Modeled data

Estimated from similarity

Economucal information
Monitored data,
continuous

Monitored data, discrete
Fandom samples

Single sample
Unspecified

Unspecified. expent
outspoke

Unspecified. guesstimate

Unspecified. panel
judzement

Legislated Linit

Corporate limit

Nomenclature developed within CPM and published in CPM-report 1997:6, Palsson
A-C. "Handbok vid arbete med datakvalitet och SFINE™.

Explanation

Rezult from caleulation that are solely based cn
statistically acquired data. and that has been processed
with statistical methods.

Result from calculation that are based on several
different datatypes. and where none of the mitial values
are of the type TUnspecified’

Result from calculation that are based on several
different types of methods. and where one or more of the
imitial values are of the type Unspecified’ or Dertved.
unspecified’.

Drata that are based. entirely or for the most pait, on
theoretical modelling

Data that has been estimated with data from a similar

process.

Data that 15 based on economical mformation such as
purchasing or sales statistics.

Data based on continmous monitoring

Data based on discrete monitoring
Data based on random samples

Data based on a single sample.

The basis for the data is not specified

The data is based on a statement made by an expert in
the field.

The data is based on an estimation.

The data is based on a judgement made by a panel.
Limit that has been prescribed by law, on e.g. a national
level.

Linut set for or by a specific company. e.g. according fo
an envirommental management system 4


http://cpmdatabase.cpm.chalmers.se/Document/CPM_Report_2003_3_Introduction_and_guide.pdf
http://cpmdatabase.cpm.chalmers.se/Document/CPM_Report_2003_3_Introduction_and_guide.pdf
http://www.ciraig.org/Calendrier/document/methods_open_loop_caroline_gaudreault.pdf
http://www.ciraig.org/Calendrier/document/methods_open_loop_caroline_gaudreault.pdf

Data Uncertainty

Type Goal & Scope Inventory Analysis Impact Assessment
Data Uncertainty 1. Collection/ 1. Uncertainty in Lifetimes of
2. Allocation methods used substances
to create data 2. Travel potential
3. Inaccurate or
4. No data
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Data Uncertainty

Type

Goal & Scope

Inventory Analysis

Impact Assessment

Data Uncertainty

1. Collection/

2. Allocation methods used
to create data

3. Inaccurate or
4. No data

1. Uncertainty in Lifetimes of
substances

2. Travel potential

Water emission

Arrival to nutrient
limited aquatic

ecosystem

05/11/2014

Algae and Aquatic
weed growth

Eutrophication Cause Effect Chain

Dead biomass
bacterial
decomposition leads
to oxygen shortage

Algae bloom
releasing toxics
leads to poisoning
fish and shellfish

Death of fish and shellfish

Toxicity to humans,
marine mammals,
livestock

Bare et al, 2803




D a ta Impact Assessment

1. Uncertainty in Lifetimes of
substances

U n Ce rta i nty 2. Travel potential

Eutrophication Potential

e (Category indicator (TRACI**)
— kg Neq
* Midpoint impact
— Influence on algae growth in
nutrient deficient surface waters

e Takes into account transport
and probability of arriving in
aquatic environment

phiyiuslarniie

0,

* Relative to algae growth in o ;
photic zone of aquatic %Zﬁ?éiéﬁ'i;j"é, S A0 g '@
ecosystem as result of 1kg of e i@ B0 Hion Blocked C Vgterel T Warme At
Nitrogen M A ey

HEQVIET el Ters
**See - H(c\smfcsﬁﬁffﬂ:w I ABES PG ju A l:m‘a‘lls‘,'-l
http://www.epa.gov/ordntrnt/ORD/N crustaceans) el | OIENTE]
RMRL/std/traci/traci.html ‘\(m

unguar _tf(_!)
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http://www.epa.gov/ordntrnt/ORD/NRMRL/std/traci/traci.html
http://www.epa.gov/ordntrnt/ORD/NRMRL/std/traci/traci.html
http://www.epa.gov/ordntrnt/ORD/NRMRL/std/traci/traci.html
http://www.epa.gov/ordntrnt/ORD/NRMRL/std/traci/traci.html
http://www.epa.gov/ordntrnt/ORD/NRMRL/std/traci/traci.html

Model Uncertainty

Type

Goal & Scope

Inventory Analysis

Impact Assessment

Data Uncertainty

=

. Collection/

. Allocation methods used
to create data

3. Inaccurate or
4. No data

)

1. Uncertainty in Lifetimes of
substances

2. Travel potential

Model Uncertainty

5. Linear vs. non-linear

3. Characterization factors not

Input X

modeling known or uncertain
& Lncreasing Retums
M
g Caonstant Returns
Decreasing Returns




Model Uncertainty

Type Goal & Scope Inventory Analysis Impact Assessment
Data Uncertainty 1. Collection/ 1. Uncertainty in Lifetimes of
2. Allocation methods used substances
to create data 2. Travel potential
3. Inaccurate or
4. No data
Model Uncertainty 5. Linear vs. non-linear 3. Characterization factors not
modeling known or uncertain

® FORUSEASA ©
MOTOR FUEL ONLY

CONTAINS
LEAD

@ (TETRAETHYL) @
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Uncertainty Due to Choices

Type

Goal & Scope

Inventory Analysis

Impact Assessment

Data Uncertainty

1. Collection/

2. Allocation methods used
to create data

3. Inaccurate or
4. No data

1. Uncertainty in Lifetimes of
substances

2. Travel| potential

Model Uncertainty

5. Linear vs. non-linear
modeling

3. Characterization factors not
known or uncertain

Unecertainty due fo choices

05/11/2014

1.Functional unit,
2.5ystem boundary
3.Service life
4.Maintenance cycles,
5.Methods and

6.Tools used in modeling.

T.Choice of allocation methods,

8. 1A Method and
9. |A Categories

10



Goal & Scope

1.Functional unit,

2.System boundary

3.5emvice life

4.Maintenance cycles,
5.Methods and

6.Tools used in modeling,
7.Choice of allocation methods,
8. |A Methed and

9. |A Categories

Uncertainty
due to
Choices

’ ‘- ‘
End user
,I"_I."

g @
. B

Sludge and ash

Waste Water
Treatment Plant Paper

[ \ ¢
=

River

Recycled fibre

Sustainably
managed forests

https://www.rubiks.ca/resource-center/useful-printing-tips/26-american-paper-sizes--what-are-the-american-paper-sizes-how-to-convert-paper-

Fibre Plant

PAPER TYPES

Paper can be separated into two main categories: uncoated and coated stocks.

Uncoated stocks:

Uncoated stock is paper that has no coated pigment applied to reduce the absorbency or increase the
smoothness. The uncoated finishes can be described as vellum, antique, wove, or smooth.

Coated stocks:

A coated stock has a surface coating that has been applied to make the surface more receptive for the
reproduction of text and images in order to achieve sharper detail and improved color density. By adding a coated
clay pigment, the objective of coating the stock is to improve the smoothness and reduce the

absorbency. Coated paper finishes can be categorized as matte, dull. cast. gloss. and high gloss. The coating
can be on both sides of the stock (coated two sides, "C25") or on one side only (coated one side, "C15").

From these subcategories, paper stocks are then separated into types such as offset. bond, cover, index, and
vellum bristol. The following tables show these types, along with their common colors, weights, and uses.

T,

Genuine waste paper

Sludge and ash

Waste Water
Recycled Treatment Plant

1
=

River

sizes.ht%?f H%n%%%[}!

http://www.hellogreentomorrow.com/blog/2010/07/secret-life-of-paper/
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Uncertainty
due to
Choices
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Goal & Scope

1.Functional unit,

2.System boundary

3.5emvice life

4.Maintenance cycles,
5.Methods and

6.Tools used in modeling,
7.Choice of allocation methods
8. |1A Method and

9. |A Categories

1
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| Hong, X Lif Wasts Management 32 2012) 264 -270

-

Talowiin furwiter

Dicscd
2187 kg

Wiakee paper collection
Il

Transport (10 t Truck, 40 km)

o~ Y h:ulq-p: 1361

Li% ]
Elextrici

Waies

167.67 kwh | |

Moerwaer 104 ___J

Woasiewulef 12061

1541
Waler

D36
P —

3046 kwh
Suk 056 kg

Steam prichaction

Hassk 071 1
Sarch 361 kg

Irergy and raw matenals prodocti on

‘Waler L3 ¢

26603 kwh

I'H.
)

Diesel
494kg

ra
Sodfiam bydrneldle 449 kg 1

| Wiood chips (3.50 m®)
Il

230

CO., PM

| Transpoet (10 t Truck, 40 km)

Chibaine
Stewm OIS 1
Heswy fued ol

Dade
Elecicity

e

7

________________

Wister 83.1E ¢ | production
45485k

5. 1akwh
Sulk 0144 kg

Stz
ET

Stesarn oo 00y

Writing —

Husk D371

Inergy andraw matenals production

Starch 36l kg

BhA3kp

g .'.s*
papeT L

production
1y

Soakid wemsite 00001

Steam preluction

Walef 0761
| Bty
26603 bl

i wasde 4971

T4

€O, PM

Fig. 1. System boundary and material flow (a) Wastepaper pulp-hasal seenario (b) wood pulp-bassd scenario.
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Goal & Scope

U n Ce rta i nty 1.Functional unit,

2.System boundary

due to .
C h O i C e S 2:1":{:1103:3:":1 modeling, .
7.Choice of allocation methods, Different LCA Tools

8. IA Method and
9. |A Categories

) ——
ncreasing need for :ﬁ:

complexity and

knowledge of LCA




Uncertainty

due to
Choices
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Goal & Scope

1.Functional unit,

2.System boundary

3.5emvice life

4.Maintenance cycles,
5.Methods and

6.Tools used in modeling,
7.Choice of allocation methods,
8. |A Method and

9. |A Categories

Impact Assessment
Methodology

Method description

Website Access Point

Eco-indicator 99

Damage approach, including
Normalization and default weighting
sets

www.pre.nl/eco-indicator99/

EDIP97 Midpoint method with normalization http://ipt.dtu.dk/~mic/Projects.htm#EDIP97
EDIP2003 Midpoint method with normalization http://ipt.dtu.dk/~mic/Projects.htm#EDIP2003
EPS 2000d Category indicators at damage level + | http://eps.esa.chalmers.se/

weighting as WTP to avoid damage

(Dutch) LCA Handbook

Midpoint method with normalization

http://www.leidenuniv.nl/cml/ssp/projects/Ica2/lca2.ht
ml

Midpoint + damage including

http://www.epfl.ch/impact

IMPACT 2002(+) normalization
Midpoint + damage includin . . .
| Sormetation g www.|cia-recipe.info/
ReCiPe
TRACI Midpoint method with normalization http://epa.gov/ORD/NRMRL/std/sab/iam_traci.htm

15

Source - http://Icinitiative.unep.fr/default.asp?site=Icinit&page_id=51340130-4439-4584-A9A4-F917485E4B7D
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http://www.leidenuniv.nl/cml/ssp/projects/lca2/lca2.html
http://www.epfl.ch/impact
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IMPACT World+ Framework

Groups of midpoint Damage
categories or endpoint

v

(optional
reporting
categories)

Outputs : Human toxicity
Human

puts gz
Pesticide / Photochem. oxydation ' health
PM, -

Cu Ozone layer depletion b

co, \ Global warming \
Phosphate ‘ ~

Ecotoxicity k;

Ecosystem
quality

Climate change
Water impacts

Acidification ’—'
Inputs '
Water well Eutrophication /
Arable land ’
Crude oil ORI ’

Iron ore Land use '\ Resources &
’. osystem services

Resource use
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Temporal Variability

Type

Goal & Scope

Inventory Analysis

Impact Assessment

Data Uncertainty

1. Collection/

2. Allocation methods used
to create data

3. Inaccurate or
4. No data

1. Uncertainty in Lifetimes of
substances

2. Travel potential

Model Uncertainty

5. Linear vs. non-linear
modeling

3. Characterization factors not
known or uncertain

Uncertainty due to choices

1.Functional unit,
2.5ystem boundary
3.Service life
4.Maintenance cycles,
5.Methods and

6.Tools used in modeling,

T.Choice of allocation methods,

8. 1A Method and
9. 1A Categories

Temporal Variability

6. Difference in yearly
factory emissions
7. Data vintage

4. Interpretation of impacts Over
time,
5. effect of Climate (ex. temp.)

05/11/2014
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Temporal

Inventory Analysis

6. Difference in yearly
factory emissions

7. Data vintage

Variability

Evolution of
Environmental

Management

Credit g Anders Hammer Stomman

Strategy 1:  Strategy 2: Strategy 3: Strategy 4: Strategy 5:
Dilution End-of-pipe Recycling and Cleaner Life Cycle
treatment recovery production Management
% = RN
| i
sl
1960 1990 2000
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Temporal Variability

Type

Goal & Scope

Inventory Analysis

Impact Assessment

Data Uncertainty

1. Collection/

2. Allocation methods used
to create data

3. Inaccurate or
4. No data

1. Uncertainty in Lifetimes of
substances

2. Travel potential

Model Uncertainty

5. Linear vs. non-linear
modeling

3. Characterization factors not
known or uncertain

Uncertainty due to choices

1.Functional unit,
2.5ystem boundary
3.Service life
4.Maintenance cycles,
5.Methods and

6.Tools used in modeling,

T.Choice of allocation methods,

8. 1A Method and
9. 1A Categories

Temporal Variability

6. Difference in yearly
factory emissions

7. Data vintage

4. Interpretation of impacts Over
time,
5. effect of Climate (ex. temp.)

05/11/2014
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Impact Assessment Global Temperature Time Series

Temporal 4. Interpretation of impacts Over L R L L B L

time, 0.4

Va ri a bi I ity 5. effect of Climate (ex. temp.) [

0.2

Degrees C
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N
|

B Wy Koppen 1881

o - Callendar 1938

04 “\NH/ ~—— Willett 1950

5 X ' == Callendar 1961 J
\ Mitchell 1963

-0.6— w— Budyko 1969 -

=== Jones et al. 1986
Hansen and Lebedeff 1987
-0.8— = Brohan et al. 2006 -
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Year

http://www.ipcc.ch/publications and data/ar4/wgl/en/figure-1-
3.html

transition state
\ activation energy
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hest of reaction

05/11/2014 20


http://www.ipcc.ch/publications_and_data/ar4/wg1/en/figure-1-3.html
http://www.ipcc.ch/publications_and_data/ar4/wg1/en/figure-1-3.html
http://www.ipcc.ch/publications_and_data/ar4/wg1/en/figure-1-3.html
http://www.ipcc.ch/publications_and_data/ar4/wg1/en/figure-1-3.html
http://www.ipcc.ch/publications_and_data/ar4/wg1/en/figure-1-3.html

Spatial Variability

Type

Goal & Scope

Inventory Analysis

Impact Assessment

Data Uncertainty

1. Collection/

2. Allocation methods used
to create data

3. Inaccurate or
4. No data

1. Uncertainty in Lifetimes of
substances

2. Travel| potential

Model Uncertainty

5. Linear vs. non-linear
modeling

3. Characterization factors not
known or uncertain

Uncertainty due fo choices

1.Functional unit,
2.System boundary
3.Service life
4.Maintenance cycles,
5.Methods and

6.Tools used in modeling,

8. 1A Method and
9. 1A Categories

T.Choice of allocation methods,

Temporal Variability

6. Difference in yearly
factory emissions

7. Data vintage

4. Interpretation of impacts Over
time,
5. effect of Climate (ex. temp.)

Spatial Variability

8. Regional differences
between factories

6. Regional differences in
environmental sensitivity (don't
effect all areas the same)

7. Distribution of emissions

05/11/2014
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Inventory Analysis

Spatial
Variability

8. Regional differences
between factories

Global Emission Regulations: Emission Regulations Across Regions
(World), 2009

Tty
%
CANAbA ‘ 3

2 EUROPEAN UNION
mpg, g/km o2 .
" Vehicle footprint based Tk
Mandatory 3 saEDC JAPAN
? Z%.‘] % Single standard by weight formula ll(:rlulsll
CALIFORNIA o < s CHINA, TAIWAN. 3co8
CO2 + CH4, N20, HFCs o % Fuel Weight based
a/mile 2 Fuel, C02_+HFCs Km/l Mandatory
CARB o - g/mile U.S. CAFE
Vehicle class based | h.UI-S- ,CAFI')E 4 Engine size based = SOUTH KOREA
Mandatory Vehicle size base Mandatory Fuel
Mandatory km/I
U.S. EPA City
Engine size based
Mandatory
Ii : <
o A
AUSTRALIA
EPA/California Fuel
1/100-km
NEDC
- Euro Norms or equivalent REGION Single Standard
f‘tandard Voluntary }
easure %
- Japan Test Cycle
Structure
05/11/9&1(2‘5 Implementation (Mandatory/Voluntary) Source: Frost & Sullivan




Spatial Variability

Type

Goal & Scope

Inventory Analysis

Impact Assessment

Data Uncertainty

1. Collection/

2. Allocation methods used
to create data

3. Inaccurate or
4. No data

1. Uncertainty in Lifetimes of
substances

2. Travel| potential

Model Uncertainty

5. Linear vs. non-linear
modeling

3. Characterization factors not
known or uncertain

Uncertainty due fo choices

1.Functional unit,
2.System boundary
3.Service life
4.Maintenance cycles,
5.Methods and

6.Tools used in modeling,

8. 1A Method and
9. 1A Categories

T.Choice of allocation methods,

Temporal Variability

6. Difference in yearly
factory emissions

7. Data vintage

4. Interpretation of impacts Over
time,
5. effect of Climate (ex. temp.)

Spatial Variability

8. Regional differences
between factories

6. Regional differences in
environmental sensitivity (don't
effect all areas the same)

7. Distribution of emissions

05/11/2014
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: I Impact Assessment
S p a t I a 6. Regional differences in

environmental sensitivity (don't

Va r'i a b i I ity eﬁegt a_II ar?eas the s_arrTe}

7. Distribution of emissions

Canadian Land Cover Map
created by the

Canadian Model Forest Project

Bl Boreal — Mainly Forest [ Deciduous [ Subalpine

[ Boreal —Forest & Grassland [[] Acadian  [I0] Montane Soale

Boreal —Forest & Barren  [_] Grassland [_] Coastal ! 1000} ]
[ Great Lakes —St. Lawrence [ ] Tundra [ Columbian 100k : 3

http://earthobservatory.nasa.gov/Newsroom/view.php?id=23135
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Variability between objects/sources

Type

Goal & Scope

Inventory Analysis

Impact Assessment

Data Uncertainty

1. Collection/

2. Allocation methods used
to create data

3. Inaccurate or
4, No data

1. Uncertainty in Lifetimes of
substances

2. Trave| potential

Model Uncertainty

5. Linear vs. non-linear
modeling

3. Characterization factors not
known or uncertain

Uncertainty due to choices

1.Functional unit,
2.System boundary
3.Service life
4.Maintenance cycles,
5.Methods and

6.Tools used in modeling,

T.Choice of allocation methods,

8. 1A Method and
9. A Categories

Temporal Variability

6. Difference in yearly
factory emissions

7. Data vintage

4. Interpretation of impacts Over
time,
5. effect of Climate (ex. temp.}

Spatial Variakility

8. Regional differences
between factories

6. Regional differences in
environmental sensitivity (don't
effect all areas the same)

T. Distribution of emissions

Variability between
objects/sources

9. Difference b/n Factories/

10. Technologies which
produce same product

8. Differences in human
exposure patterns

05/11/2014
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Variability —
b etwe e n 9. Difference b/n Factories/

Iﬂ&;l'echnolcrgiesﬂu;hich
. produce same product
objects/

sources

http://www.buker.com/lean-manufacturing/education
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Variability between objects/sources

Type

Goal & Scope

Inventory Analysis

Impact Assessment

Data Uncertainty

1. Collection/

2. Allocation methods used
to create data

3. Inaccurate or
4, No data

1. Uncertainty in Lifetimes of
substances

2. Trave| potential

Model Uncertainty

5. Linear vs. non-linear
modeling

3. Characterization factors not
known or uncertain

Uncertainty due to choices

1.Functional unit,
2.System boundary
3.Service life
4.Maintenance cycles,
5.Methods and

6.Tools used in modeling,

T.Choice of allocation methods,

8. 1A Method and
9. A Categories

Temporal Variability

6. Difference in yearly
factory emissions

7. Data vintage

4. Interpretation of impacts Over
time,
5. effect of Climate (ex. temp.}

Spatial Variakility

8. Regional differences
between factories

6. Regional differences in
environmental sensitivity (don't
effect all areas the same)

T. Distribution of emissions

Variability between
objects/sources

9. Difference b'n Factories/

10. Technologies which
produce same product

8. Differences in human
gxposure patterns

05/11/2014
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Variability
Impact Assessment
betwee n 8. Differences in human

exposure patterns
objects/

sources
| ~
dose range of \
increasing response

no effect maximum
4 effect
iy
S
) threshold
w
| -
o
Q
o
o

Dose (amount of chemical) =

http://wiki.ubc.ca/Course:FNH200/Lesson 12

05/11/2014

28


http://wiki.ubc.ca/Course:FNH200/Lesson_12

Types of Uncertainty at each LCA stage

Type

Goal & Scope

Inventory Analysis

Impact Assessment

Data Uncertainty

1. Collection/

2. Allocation methods used
to create data

3. Inaccurate or
4, No data

1. Uncertainty in Lifetimes of
substances

2. Trave| potential

Model Uncertainty

5. Linear vs. non-linear
modeling

3. Characterization factors not
known or uncertain

Uncertainty due to choices

1.Functional unit,
2.System boundary
3.Service life
4.Maintenance cycles,
5.Methods and

6.Tools used in modeling,

T.Choice of allocation methods,

8. 1A Method and
9. A Categories

Temporal Variability

6. Difference in yearly
factory emissions

7. Data vintage

4. Interpretation of impacts Over
time,
5. effect of Climate (ex. temp.}

Spatial Variakility

8. Regional differences
between factories

6. Regional differences in
environmental sensitivity (don't
effect all areas the same)

T. Distribution of emissions

Variability between
objects/sources

9. Difference b'n Factories/

10. Technologies which
produce same product

8. Differences in human
exposure patterns

05/1
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10. Any

11.Any

9. Any
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